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Abstract

Introduction: The Pregnancy and Newborn Diagnostic Assessment (PANDA) system is a mobile application designed to facili-
tate diagnosis and decision-making by healthcare staff in antenatal care (ANC). This study aimed to evaluate its effectiveness
in improving the quality of ANC.

Methods: This randomised controlled trial implemented the PANDA system in two groups of health facilities (intervention
and comparison groups) using a matched-pair method in the Koupéla health district, Burkina Faso. Six health centres
were included in each group. We included pregnant women presenting with more than 20 weeks of amenorrhea during
their first antenatal consultation, and we followed them up until their sixth week postpartum. The primary outcome was
a binary variable derived from the ANC quality score, coded yes or no. Six components of ANC quality were identified: wel-
coming the woman, history taking and dietary habits, physical examination, obstetric examination, preventive care, and
counselling and advice. We used Poisson regression with robust variance to compare the unadjusted and adjusted primary
outcomes results between the two study arms.

Results: We included 319 and 272 women in the intervention and comparison groups, respectively. In the intervention group,
15.67% (50 out of 319) of the women had at least 75% of the total ANC quality score, compared to 6.25% (17 out of 272) in
the comparison group. Adjusted results showed that women in the intervention group were 2.71 times more likely to have an
excellent total ANC quality score than women in the comparison group (RR= 2.71; 95% CI [1.60–4.60]; p < .001).

Conclusion: Although the proportion of women with good ANC quality was low, this study showed that the PANDA system
significantly improves the ANC quality. These results are vital because Burkina Faso has decided to use these computerised
clinical decision support systems for maternal and child health.
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Introduction
The use of information and communication technologies in
maternal and neonatal health has increased rapidly in recent
years. One of the most widely covered aspects is the antenatal
consultation (ANC) offered to pregnant women. Despite its
importance, the indicators of the use of antenatal consultation
services (percentage of women who start the first ANC in the
first trimester, and percentage of women who perform at least
four ANC) remain low in sub-Saharan Africa in general.1–3

This situation is found in Burkina Faso where, in 2021,
according to the results of the Demographic and Health
Survey, 72% of women have made at least four antenatal
visits, and 53% of women began ANC during the first trimes-
ter of pregnancy. Among women who received ANC, the
median number of months of pregnancy at the first antenatal
visit was estimated at 3.9.4 The consequences of this poor
access to and use of maternal and child health services are
high maternal and infant mortality rates. According to the
United Nations Children’s Fund, in 2017, the maternal mor-
tality ratio was estimated to be 320 per 100,000 live births,
the neonatal mortality rate was 26‰, and 52% of pregnant
women had at least four antenatal consultations.5

Several reasons can explain this low percentage of women
attending at least four ANC, including poor quality of care
and dissatisfaction among pregnant women with ANC, as
shown by some authors. While some studies have shown
that the various stages of ANC are not respected or are
ignored or misunderstood by providers,6–11 others have
shown that adherence to the guidelines for antenatal consulta-
tions is low.1,12–17 However, according to the World Health
Organization (WHO), within the continuum of reproductive
healthcare, ANC provides a platform for important healthcare
functions including health promotion, screening and diagno-
sis, and disease prevention. It has been established that by
implementing timely and appropriate evidence-based prac-
tices, ANC can save lives.18 Therefore, it is necessary to
improve the quality of ANC services based on their benefits.

One way to improve the quality of ANC is to improve pro-
vider’s adherence to protocols, which requires healthcare staff
to follow every stage of the antenatal consultation. Therefore,
the use of mobile applications and telemedicine seems appro-
priate. The WHO has insisted on using mobile applications to
provide maternal and child healthcare because, according to
the WHO, their use is linked to reduced healthcare costs,
improved quality, and equitable access to healthcare ser-
vices.19 There are numerous areas of application of informa-
tion and communication technologies in the healthcare
sector, ranging from customer education for behavioural
change, medical records, electronic decision support, quality
of care in healthcare services, human resources management,
and supply chain management.20

Over the last few decades, several electronic clinical
decision-support systems have been implemented in
Burkina Faso, such as the Integrated electronic-Diagnostic

Approach (IeDA), developed to improve provider’s adher-
ence to protocols of Integrated Management of Childhood
Illnesses. In 2019, the IeDA platform was expanded to
include a Reproductive Health and Maternity Care e-regis-
try (REC-Maternity).21–24

Regarding decision support and quality of care, ANC, in
particular, has become a popular field in mobile
applications around the world.25–30 The results of these differ-
ent studies are mixed. In 2018, Chen et al. conducted a sys-
tematic review of the effectiveness and relevance of mobile
apps for maternal and child health between 2011 and 2016.
A total of 245 studies were included, including 51 randomised
controlled trials. The results showed that almost half (43%) of
the randomised controlled trials showed no effects of mobile
apps on maternal and child health.31 In addition to these
mobile applications, computerised clinical decision-support
systems have been developed. Haddad et al.32 conducted a
systematic review of these computerised systems in 2019.
They found nine systems that met their eligibility criteria,
including the Pregnancy and Newborn Diagnostic
Assessment (PANDA) systems.33,34 The PANDA system
was analysed as one of the most comprehensive applications
and includes numerous functions. This is a mobile application
designed to facilitate diagnosis and decision-making by
healthcare staff in ANC. Feasibility and acceptability studies
of this system have been conducted in Madagascar and
Burkina Faso.35,36 However, the authors of the systematic
review of computerised clinical decision support systems con-
cluded that their usefulness for ANC was limited.32,37

Therefore, the added value of these systems remains to be
proven. Although publications on the PANDA system have
shown that it enables standardised ANC according to the
WHO guidelines,35 it is still essential to assess its effective-
ness in improving ANC quality using a study with a high
level of evidence. The overall objective of this study was to
assess the effectiveness of the PANDA telemedicine system
in improving the quality of ANC in Burkina Faso.

Methods

Trial design

To implement this research, we implemented a cluster rando-
mised trial. The rationale for implementing a cluster rando-
mised trial is that the intervention (training and use of the
PANDA system) cannot be implemented at the individual
(pregnant woman) level but only at the health centre level.
Health centres in the intervention group offered ANC using
the PANDA system installed on tablets. Each health facility
in this group received at least one tablet. Health centres in
the comparison group offered the usual ANC.

Study settings

This study was conducted in the health district of Koupéla
(Center-East region, Burkina Faso). This district was
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chosen because it is near Ouagadougou (the capital of
Burkina Faso) and because there were no ongoing ANC
interventions. It is equally important to note that the
PANDA feasibility test was conducted in this district in
2016.36

Health centres and participants’ eligibility criteria

Twelve primary health centres in the Koupèla district were
selected for participation in the study. Health centres were
selected by identifying six pairs of comparable health
centres and randomising them using the matched-pair
method. The matching criteria were (1) the number of total
ANC visits in the year before the trial, (2) number of total
deliveries in the year before the trial, (3) number of total post-
natal care visits in the year before the trial, (4) number of
women of childbearing age in the health centre area, (5)
total number of healthcare workers in the health centre as
well as the distribution by profile (midwives, nurses, and aux-
iliary birth attendants), and (6) size of the population served.
These matching variables allow us to obtain facilities within
each pair that are similar in terms of matching factors.

The participants were pregnant women with a gesta-
tional age between 14 and 20 weeks of amenorrhea, regard-
less of age, place of residence, or socio-economic status.

A full description of the health centres and participants’
eligibility criteria has already been detailed elsewhere.38

The health centres included in this study are shown in
Figure 1. The research team produced this figure using a
quantum geographic information system.39

Interventions

PANDA is a telemedicine system designed to meet women’s
healthcare needs during pregnancy in resource-scarce con-
texts by extending and standardising ANC according to the
WHO guidelines. A detailed description of the PANDA
system is provided elsewhere.38We organised several training
sessions for the intervention group health centre workers to
better explain the use of the PANDA app (user training at
the health centre and medical unit levels).

Outcomes

The primary outcome was the quality of ANC. This is an
indicator in the form of a score that considers all the
items of higher quality ANC according to the age of the
pregnancy. The various items were grouped into compo-
nents: (i) welcoming the woman, (ii) history-taking and
dietary habits, (iii) physical examination, (iv) obstetrical
examination, (v) preventive care, and (vi) counselling and
advice. These items are based on Burkina Faso’s ANC
policy.40 Categorisation means that each woman had a
total score for each ANC (from the first to the last consult-
ation). Depending on the age of the pregnancy, a certain

number of items are not filled in. The construction of the
indicator considered these specificities. The list of all the
items has already been detailed elsewhere.38 Thus, each
woman had a total score for the quality of ANC that she
received from her first consultation to her delivery.

Sample size

The calculation of the required sample size considered
several statistical features inherent to the design of the
study, such as the number of participants per cluster
(set at 40 per health centre), the intraclass correlation coef-
ficient (ICC, set at 0.015), the inflation factor (based on the
value of the ICC, inflation factor was set at 1.585), the
desired statistical power (80%), and the margin of error
(5%).

Using Stata software, the number of health centres required
to detect a difference of at least 15% (80% in the intervention
group versus 65% in the control group) in the proportion of
women with an excellent ANC quality score was six health
centres in each group (240 women). Considering the propor-
tion of women lost to follow-up at 10%, the final sample size
required was 264 women in each group for a total of 12 health
centres. The hypothetical proportion of 65% in the compari-
son group was based on the results of a study conducted in
Ghana by Baafi et al. in 2019.41

Recruitment

Providers recruited participants during ANC sessions after
the history-taking and physical examination. After identify-
ing potentially eligible women, their written consent to par-
ticipate in the study was obtained after obtaining all the
necessary information for a free and informed decision to
participate.

Randomisation

We selected six pairs of health centres, and within each pair,
the centre that received the PANDA system was chosen
randomly using a draw from one health centre for each
pair. The names of the health centres were previously
placed in individual sealed envelopes. The drawer was dif-
ferent from the person who prepared the envelopes and was
absent when the envelopes were sealed. Therefore, the
drawing was performed six times. All eligible consecutive
participants were included in the study.

Blinding

Given the nature of our intervention, blinding was not
possible.

Coulibaly et al. 3



Data collection methods

Data were collected from women on the day of inclusion
and then each time the woman returned for an antenatal
visit until the sixth week after delivery. A data collector
was assigned to two health centres for the duration of the
study (one health centre in the intervention group and one
in the comparison group). The questionnaires were admi-
nistered to the women immediately after the antenatal con-
sultation. The interviewer visited the health centres
according to an antenatal consultation schedule. For this
study, data were collected using a closed questionnaire by
directly interviewing the woman (for some items) and
extracting data from ANC and delivery registers, ANC
records, and health diaries. A field coordinator was
recruited and was responsible for checking the interviewers’
work.

Other authors have not previously used the questionnaire
we used because it aligns with the recommendations of the
Ministry of Health of Burkina Faso on ANC provision to
women.40 However, during the interviewers’ training,
before data collection, we conducted a two-day pilot test
to improve the version of the questionnaire.

Statistical methods

All analyses of the cluster randomised trial were performed
on an intention-to-treat basis using Stata 18.42 The unit of
analysis was the woman. We compared the unadjusted
and adjusted effect of the PANDA system on ANC
quality between the intervention and comparison groups.
Unbalanced sociodemographic characteristics between the
two study groups were used to adjust the intervention
effects on the study outcome. Poisson regression with
robust variance was used with a threshold of 5%. We also
compared the intervention effect on the various dimensions
of ANC quality.

Ethics approval

This trial was registered with the Pan-African Clinical
Trials Registry under PACTR202009861550402 on 21
September 2020. The Burkina Faso Health Research
Ethics Committee approved the research protocol for this
trial under approval number 2020-3-051. After obtaining
their written informed consent, adult participants (at least
18 years old) were included. Minor participants were

Figure 1. Health map of the PANDA study sites in Burkina Faso.
PANDA: Pregnancy and Newborn Diagnostic Assessment.
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included after obtaining their written assent and parental
written consent. Interviewers assigned to the various
health centres were responsible for obtaining consent. The
research team carefully monitored this process during the
field supervision. None of the questions in the database con-
tained information that could be used to formally identify
women.

Results

Flow chart

In this study, 663 women were pre-selected, 319 and 272
were included, and 300 and 246 women were followed
up until six weeks postpartum in the intervention and com-
parison groups, respectively (Figure 2).

Recruitment

Inclusion began on 12 July 2020 and continued until
January 2021. Data collection ended in October 2021, cor-
responding to the sixth week postpartum for the last
participant.

Use of the PANDA app during subsequent ANCs

The use of the PANDA app was not uniform across the
health centres in the intervention group. For the first
ANC, it was confirmed that the woman was offered an
ANC with the PANDA application; however, the health
workers did not use the PANDA App systematically for
subsequent ANCs. Thus, the use of the PANDA application
increased from 72.5% for ANC2 to 78.1% for ANC3 and
declined to 66.0% for ANC6. Table 1 shows the disparities
in using the PANDA application for subsequent ANC by
the intervention group health centre.

Characteristics of women at inclusion

Regarding sociodemographic characteristics at inclusion,
women were evenly distributed between the two groups
for all other socio-demographic characteristics (Table 2).

Regarding the clinical characteristics of the women,
27.3% and 32.4% of the women in the intervention and
comparison groups, respectively, reported having planned
the pregnancy used for inclusion (p= .001). A comparison
of the other variables showed no significant difference
between the intervention and comparison groups. These
results are summarised in Table 3.

Quality of ANC

Intent-to-treat analysis showed that 50 women out of 319
(15.67%; 95% CI [12.07–20.10]) in the intervention group
had at least 75% of the total ANC quality score, compared

with 17 women out of 272 (6.25%; 95% CI [3.91–9.84]) in
the comparison group.

In univariate analysis, we found that women in the inter-
vention group were 2.51 (95% CI [1.48–4.25]) times more
likely to have an excellent total ANC quality score than
women in the comparison group (p= .001). In multivariate
analysis, the difference was still in favour of the interven-
tion group (RR= 2.71; 95% CI [1.60–4.60]; p < .001).
The results were adjusted for the number of ANCs per-
formed, the highest level of education achieved, knowledge
of the childbirth preparation and obstetric emergencies card,
the number of biological children, and pregnancy planning
at inclusion. These variables were not equally distributed
between the two study groups.

ANC quality by dimension

The analyses showed a significant difference between the
two study groups in favour of the intervention group only
for the dimensions relating to advice. No differences were
noted between the study groups for the dimensions relating
to welcoming the woman (not significant), history-taking
and dietary lifestyle (not significant), and obstetrical exam-
ination (not significant). However, the differences were sig-
nificant for physical examination and preventive care but in
favour of the control group. Table 4 presents the results of
the study.

Discussion
The use of the PANDA system significantly affected the
quality of ANC. In other words, performing ANC using
the PANDA system could increase the proportion of
women receiving high-quality ANC from 6.25% to
15.67%, although this proportion still needs improvement.
Our result on the low proportion of high-quality ANC is
similar to those of the authors who used several components
of ANC to assess its quality. Indeed, while Olorunsaiye
et al., in a study carried out with secondary data from
several countries in West and Central Africa, found that
less than one woman in five received good quality
ANC,17 in Nigeria, only one woman in 20 received all
nine components used to assess the quality of ANC,43 in
Ethiopia, one study found that almost one woman in five
received good quality ANC44 and another study showed
that this proportion was 33%.45 Other authors have also
demonstrated that the quality of ANC is poor in developing
countries, at 31.38%46 and 41.2%.47

The low proportions noted in our study could be linked
to the fact that we constructed the ANC quality indicator by
considering all aspects of an ANC (starting with the key ele-
ments to look for in the woman’s history, the data from the
physical examination, the preventive care offered to the
woman, the paraclinical examinations, etc.). Except for a
few items, all other items must be measured at each

Coulibaly et al. 5



ANC. Thus, we obtained the total score for each woman
from the first to the last ANC. In almost all the studies,
some components were not considered when constructing
the ANC quality indicator. Studies in which the number
of components used was similar to that used in our research
reported similar results.17,43 However, although most
studies agree that the quality of ANC is poor in developing
countries, it should be noted that some studies have shown
results that differ from ours regarding the proportion of
women receiving good-quality ANC. Indeed, Duysburgh
et al., in a study conducted in three countries (Burkina
Faso, Ghana, and Tanzania), showed that the overall
quality of routine antenatal and obstetric care was satisfac-
tory in the six districts of their study.48,49 Another study
carried out in 2021 on the effectiveness of the

REC-Maternity in Burkina Faso showed that the overall
quality of health service provision was relatively high in
both intervention and control groups (52% vs 51%).22

However, the REC Maternity study used direct observation
to measure the quality of care in health facilities. Although
this data collection technique is the best recommended, it
could introduce some bias as health workers could change
their practice during the observation, as the sample size
was only around five in each health centre (the sample
size estimation took into account the assumption of at
least five consultations in each of the 48 health centres),22

contributing in the high overall quality of health service
provision in both intervention and control groups.

However, ANC is an essential procedure and a critical
intervention to help reduce maternal and neonatal mortality.

Figure 2. Flow chart.
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Therefore, the WHO recommends eight ANC focal points
because increasing the frequency of ANC in the health
system for women and adolescents is associated with a
reduced risk of stillbirths, as these consultations offer
more opportunities to detect and manage potential
problems.50

Regarding the effect of the PANDA system on ANC
quality, some authors found similar results. In Nigeria,
McNabb et al. in 2015, tested a mobile application using
health education audio clips to improve and standardise
advice for pregnant women and concluded that introducing
a low-cost mobile case management and decision support
application could stimulate behavioural change and
improve the quality of care provided to pregnant women
by less skilled healthcare personnel.27 Another study by
Venkateswaran et al., in Palestine in 2017, showed that
compared with the control group, the intervention led to
greater adherence to guidelines in the intervention group
for the screening and management of anaemia, hyperten-
sion, and gestational diabetes.51 These results are consistent
with some of our findings.

The results of this study showed that the difference
between the intervention and control groups was statistic-
ally significant only for the physical examination, prevent-
ive care and counselling components. However, the score
was significantly higher in the intervention group only for
counselling/advice. Counselling includes advice on food
hygiene, malaria prevention, use of insecticide-treated mos-
quito nets, pregnancy danger signs, newborn danger signs
and signs of labour. Health workers’ characteristics may

explain this difference in favour of the comparison group
for the two components. Although we matched the health
centres according to certain criteria, including the profiles
of the health workers, there could still be some differences
in skills and experience in providing ANC. Therefore, two
people with the same profile could have different skills in
providing ANC, unbalancing the difference in favour of
the comparison group. The study on the REC-Maternity
did not find a statistically significant difference in the
overall quality score between the intervention and compari-
son districts. However, significant differences were
observed between the two districts according to the sub-
components of quality of care,22 making these results
similar to some of ours.

Our study also revealed that preventive care was not well
explained to pregnant women. Only one woman had a high
score on how to take malaria prophylaxis treatment,
anaemia prevention, and deworming in the intervention
group, compared to 20 women in the control group. This
result is problematic because of the importance of these pre-
ventions, especially anaemia, which has many adverse
effects on maternal and child health.52,53

Strengths and limitations of the study

These findings suggest that the PANDA system could serve
as a model for expanding quality ANC in similar rural con-
texts, warranting further research and policy consideration
for broader implementation. Each data collector had an
intervention health centre and a comparison health centre.
This presupposes standardised data collection in the two
study groups. In addition, using tablets with the quality
control system prevented errors and non-responses to the
various questions. Supervision of data collection through-
out the research also ensured that the data was of good
quality. By opting for a randomised study, we can affirm
that the results have a high level of evidence compared
with the results already available in the literature, which
for several studies were pilot or feasibility studies results
with small sizes.

Regarding limitations, it should be noted that the imple-
mentation of the intervention (use of the PANDA system)
was heterogeneous in the different health centres. In add-
ition, within the same health centre, we noted a heterogen-
eity in implementation, depending on the health workers.
Furthermore, although we used matching criteria for the
health centres, we could not exclude the unequal skills of
the care providers between the two study groups.

It is also important to note some limitations regarding
our questionnaire and data collection techniques.
Regarding the data collection techniques, some responses
were obtained from women by direct interview and are
therefore subject to bias. These biases may, on the one
hand, be related to the fact that they are illiterate and may
not have fully understood some questions about the

Table 1. Use of the PANDA application during subsequent ANCs 2 to 7.

PANDA app use during the antenatal
care*

Health centre
name

ANC
2

ANC
3

ANC
4

ANC
5

ANC
6 N

Kalwêga 84.4 96.0 97.1 77.3 75.0 59

Zaogo 41.0 50.0 25.6 38.7 30.0 53

Dialgaye 96.0 87.5 93.6 95.5 100.0 66

Sampongho 84.6 82.9 84.6 77.3 88.9 64

Gounghin 78.7 82.9 68.1 88.5 66.7 64

Zéguédéga 39.5 54.5 51.3 47.8 42.9 55

Total 72.5 78.1 69.5 69.2 66.0 319

*The PANDA app was used for all women during the first antenatal care.
Pregnancy and Newborn Diagnostic Assessment; ANC: antenatal care.
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receipt of the ANC components. On the other hand, these
biases may be social desirability biases. For researchers to
get a good picture of the quality of care provided to women
by health workers, womenmay voluntarily under-report inad-
equacies in care. However, the opposite is also possible in this
study: they may have falsely reported that components of
ANCwere not provided. All these limitations must be consid-
ered, not onlywhen interpreting the proportion ofwomenwho
received good quality ANC, but also when interpreting the
effect of the PANDA application on the quality of ANC.
Fortunately, not all components were collected by interview-
ing the woman, but only some, as detailed in the published
protocol.38 Most of the responses to the items were extracted
from the women’s health cards and health registers, as the
health worker is required to record all care provided to the
woman on the health card. The implication of extracting
data from the registers is that care may have been provided
but not recorded in the data collection instruments (maternity
registers and health cards). Although these reporting biases
may be balanced in the two study groups, some of our
results should be interpreted cautiously.

Moreover, the difference was not significant for half
(3/6) of the components. This may reflect sample size issues
that make it difficult to detect small differences, as the original
sample powerwas designed to detect aminimumdifference of
15%. This may explain the findings at the granular level.

Finally, although we designed a cluster randomised con-
trolled trial, due to the nature of the intervention, neither the
study sites nor the participants are blinded to the study con-
ditions. In addition, the participating sites are limited to one
rural district of Burkina Faso, so the results may not be gen-
eralisable at the national level (no urban facilities are
included in this study).

Conclusion
Although the proportion of women with good ANC quality
was low, this study showed that the PANDA system

significantly may improve the quality of ANC since its
effect was higher for some components. These results are
vital because Burkina Faso has decided to use these compu-
terised clinical decision support systems in many areas,
notably reproductive health (through the electronic consult-
ation register for maternity-REC-Maternity) and child
health (through the IeDA for the Integrated Management
of Childhood Illnesses). The results on the quality dimen-
sions of ANC call on the stakeholders to raise awareness
and strengthen the skills of front-line staff in rural areas
to advise pregnant women on the various prophylactics to
be administered. As anaemia is a risk factor for many
adverse pregnancy outcomes, its prevention in pregnant
women must be scrupulously respected and in line with
the current guidelines. Our results could guide countrywide
policies for improving maternal and newborn health, high-
lighting the benefits of such an electronic decision support
system for similar rural African areas where maternal and
newborn morbidity and mortality rates are high.
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